SUMMARY Acute occlusion of one common carotid artery in the anesthetized normocapnic rat results in a moderate cerebral blood flow (CBF) decrease in both cerebral hemispheres. No asymmetrical perfusion is observed when the overall flow in each hemisphere is considered.
The increase in blood flow which normally occurs in hypercapnia is strongly impaired in the cerebral hemisphere on the occluded side resulting in an important asymmetrical hemispheric perfusion.
The days (1, 5, 15, 30) following unilateral carotid occlusion normal control CBF values are found in both hemispheres in normocapnic conditions. Hemispheric perfusion asymmetry in hypercapnia also becomes progressively less pronounced with time but a slight asymmetry still persists one month after unilateral carotid occlusion.
Stroke Vol 16, No 1, 1985 RAPID ADJUSTMENT of the collateral circulation after acute occlusion of one common carotid artery is able to keep cerebral blood flow (CBF) above the critical level for appropriate metabolic supply in many animal species although blood flow may be reduced in cerebral regions dependent on the occluded vessel. 1 "
In the anesthetized rat acute unilateral carotid occlusion reduces the hemispheric blood flow on the side of the occlusion. 5 Circulatory reserve is also depressed in these conditions as indicated by the inadequate adaptation of CBF to hypoxia, to hypercapnia and to hypotension.
5 " 7 Restoration of such a circulatory reserve in the days following the occlusion is an indication that collateral circulation and CBF adaptation progressively develop in the post-occlusion period. In order to obtain more information on this eventuality, blood flow in both brain hemispheres was studied in rats at different time intervals after unilateral carotid occlusion. STROKE VOL 16, No 1, JANUARY-FEBRUARY 1985 Material and Methods Two types of experiments were carried out on male Wistar rats (300-400 g). In a first type (acute experiments) the effect of two PaCO 2 levels on total cerebral blood flow and hemispheric blood flow was examined immediately after occlusion of the right common carotid artery; in a second experimental type (chronic experiments) the response of total and hemispheric brain blood flow to hypercapnia was examined at different times (1 to 30 days) after unilateral common carotid ligation.
a. Acute Experiments
These experiments were carried out under general anesthesia (Halothane 1% in N 2 O 70%/O 2 30% mixture). After cannulation of the trachea, a polyethylene catheter (PE 50) was placed in a femoral artery and vein for blood pressure monitoring, arterial blood sampling and administration of drugs.
Another catheter was placed in the caudal artery and the right common carotid artery was ligated. Thereafter, the animals were paralyzed (gallamine 20 mg/kg body weight IV), artificially ventilated, and a left side thoracotomy was made at the level of the heart. A small catheter was inserted through the left ventricular wall (with its tip extending in the ventricular cavity) and kept in place with a 5-0 silk suture. Through this catheter labelled microspheres were injected for CBF and cardiac output (CO) measurement. Control animals were prepared in the same way with the exception that both common carotid arteries were left intact. At the end of the preparation halothane administration was stopped and anesthesia was continued with N 2 O/ O 2 (70/30%). After at least 30 minutes a first CBF and CO measurement was made under normocapnic conditions. Microspheres labelled with Ce 141 were injected into the left ventricle while simultaneously a reference blood sample was withdrawn from the tail artery at a constant rate of 0.79 ml/min. Thereafter, the animals were made hypercapnic by adding 10% CO 2 to the inspired gas mixture. Fifteen minutes after the start of CO 2 administration, a second CBF and CO measurement was made using microspheres labelled with Sr 85 . During the entire experiment body temperature was kept at 37°C with a heating pad. Only those animals having a constant mean arterial blood pressure of at least 100 mm Hg during injection of the microspheres were studied. Oxygenation, CO 2 content and acid-base status of the arterial blood were evaluated after each CBF measurement (BMS 3MK2 blood microsystem, Radiometer, Copenhagen, Denmark). Blood losses inherent to the experimental procedure were compensated by giving citrated blood from a donor rat. At the end of the experiment the animal was killed with an intravenous injection of saturated KC1. Both brain hemispheres, the cerebellum, the central brain axis and the reference sample were transferred to a well scintillation counter for measurement of radioactivity. Cardiac output and CBF were calculated as described earlier. In these experimental groups the right common carotid artery was aseptically ligated under general anesthesia (Halothane 1% in a mixture of 70% N 2 O and 30% O 2 ) and the animals were allowed to recover.
In four groups of animals CBF and CO measurements were made respectively 1, 5, 15 and 30 days after occlusion of the right common carotid artery using the same procedure as described for the acute experiments.
Statistical evaluation of the results was made using Student's t-test for paired observations for results obtained within the same group and the unpaired t-test for comparison of results from different groups. Each group consisted of 7 animals.
Results
The results of the experiments are summarized in table 1. Mean PaCO 2 in the different groups varied between 29.5 and 33.6 mm Hg under normocapnic conditions and between 64.2 and 75.1 mm Hg under hypercapnic conditions. Oxygenation of the animals was normal with PaO 2 values of at least 90 mm Hg. Mean values ± SEM, n = 7.
Total Brain Blood Flow (table 1)
In the control groups total brain blood flow was 1.28 ± 0.12 and 4.49 ± 0.45 ml-g" l -min~1 (mean ± SEM) under normocapnic and hypercapnic conditions respectively.
Shortly after ligation of the right carotid artery mean total CBF of the animals was significantly lower than in the control group under normocapnic (p < 0.01) and hypercapnic (p < 0.05) conditions respectively.
Twenty-four hours after ligation, total CBF in normocapnia was not significantly different from the values found in the control group whereas in hypercapnia a significantly (p < 0.05) lower CBF value than in the control group was found.
Under normocapnia substantially normal CBF values were further found in the rats studied 5,15 and 30 days after unilateral carotid ligation.
The fifth day after ligation total brain blood flow in hypercapnia was slightly (but statistically not significantly) lower than the value found in the control group; comparable values were also found on the 15th and the 30th day after ligature.
Hemispheric Blood Flow (table 1, fig. 1) 
a. Normocapnia
In the control rats hemispheric blood flow was 1.41 ± 0.17 and 1.46 ± O.Hml-g-'-min-' at the right and left side respectively; this results in a hemispheric right to left flow ratio of 0.96 ± 0.02.
Shortly after ligation of the right common carotid artery hemispheric CBF at the right as well as at the left side was significantly lower than in the control group ip < 0.05). The ratio (R7L) between the right hemispheric CBF (occluded side) and the left hemispheric CBF (non-occluded side) is not significantly different from control. Twenty-four hours after ligation of the right carotid artery the hemispheric blood flow ratio was 0.86 ± 0.04 (p < 0.02 compared to the control 
b. Hypercapnia
In the control group hemispheric blood flow under hypercapnia was 5.45 ± 0.58 and 5.47 ± 0.58 ml-g~'-miir' on the right and left side respectively, resulting in a flow ratio of 1.00 ± 0.02. Immediately after right carotid ligation right hemispheric blood flow increase in hypercapnia was more than 50% less than in the control group under the same conditions (p < 0.001), while the left hemispheric blood flow was not significantly different from the control group. Mean hemispheric flow ratio (R/L) under hypercapnia fell to 0.49 ± 0.07 (p < 0.001 compared to control).
Twenty-four hours after ligation the reaction of the flow ratio to hypercapnia was practically the same as after acute occlusion. Five, 15 and 30 days after ligation, right hemispheric blood flow showed a progressively increased response to hypercapnia but even after 30 days hemispheric blood flow did not attain the value found in the left hemisphere and in control hypercapnic animals. As a result, the right to left hemispheric blood flow ratio under hypercapnia, which was 0.46 ± 0.05 twenty four hours after ligation, increased to 0.63 ± 0.07 after 5 days (significantly lower than the flow ratio found in the same animals under normocapnia and in the control group under hypercapnia) and attained 0.86 ± 0.05 and 0.84 ± 0.06 respectively on day 15 and 30. The latter values are not significantly different from the flow ratio in the same animals under normocapnia, but significantly lower than the hemispheric blood flow ratio of the control group under hypercapnid conditions (p < 0.05).
Discussion
The results show that in normocapnia occlusion of one common carotid artery in the anesthetized rat immediately lowers total cerebral blood flow to approximately 75% of its normal value. Hemispheric blood flow is significantly decreased to a comparable degree on the occluded and the non-occluded side; as a consequence hemispheric blood flow remains symmetrical (blood flow ratio close to unity). The persistence of a symmetrical hemispheric blood flow after unilateral carotid ligation is in accordance with the results obtained by several authors in different animal species C-ethanol method, found significantly lower CBF values in a relatively small area confined to the MCAregion of the ligated side, while other hemispheric samples showed flow values which were not significantly different from the contralateral side. The "hemispheric" blood flow we deal with in our study concerns the total cerebral hemisphere including the caudato-putamen. STROKE VOL 16, No 1, JANUARY-FEBRUARY 1985 In the study of Pannier et al" labelled microspheres were injected through a polyethylene catheter introduced in the left heart ventricle via the right common carotid artery. This procedure impedes blood flow to the right subclavian artery from which the right vertebral artery is originating. In this way, compensatory blood flow via the vertebral system must be strongly disturbed.
Under hypercapnic conditions cerebral vasodilatation takes place but total brain blood flow remains significantly lower in the animals with an acutely ligated carotid artery. Moreover, hemispheric blood flow becomes strongly asymmetrical since blood flow at the side of the occlusion is only 50% of the blood flow at the non-ligated side. The logic explanation is that following unilateral carotid occlusion, autoregulatory vasodilatation in the ipsilateral hemisphere in response to reduced perfusion pressure* and redistribution of the blood flow through the collateral vasculature act as compensatory mechanisms to keep blood supply at the occluded side above the critical level for metabolic needs. In these conditions, the residual vasodilating capacity at the occluded side must be strongly diminished. This is illustrated by the results obtained under hypercapnia, since the administration of 10% CO 2 in the inspired gas mixture results in a CBF increase that is much lower on the occluded side.
The chronic experiments indicate that after unilateral carotid occlusion total CBF tends to normalize. Twenty four hours after carotid ligation and under normocapnic conditions it is no longer significantly different from the values found in control animals and a completely normal level is found on the fifth day.
Twenty four hours after ligation, hemispheric blood flow under normocapnia is slightly asymmetrical (blood flow ratio R/L = 0.86, p < 0.02) because blood flow at the non-occluded side normalizes faster than at the occluded side. The fifth day blood flow on the occluded side has also normalized and as a consequence hemispheric blood flow is again symmetrical (R/L = 1.01) and remains so on day 15 and 30.
Normalization of total brain CBF seems to be somewhat delayed under "high-flow" conditions (hypercapnia). Twenty four hours after ligation, the CBF increase in hypercapnia is comparable to what is observed in the acutely ligated animals, which is significantly less than the response seen in the control group. However, five days after ligation the CBF adaptation to hypercapnia has largely recovered and this is maintained after fifteen and thirty days. Under "high flow" conditions some degree of asymmetrical hemispheric perfusion persists for a prolonged period, although with time hemispheric blood flow on the occluded side gradually attains values only slightly lower than in the control group.
The results indicate that in the rat adaptation of the *In anesthetized rats under normocapnic conditions "back-pressure," measured in the cervical stump of the acutely ligated common carotid artery, was 50 ± 4 mm Hg being only 30% of the systemic blood pressure. Five days after ligation "carotid back pressure" had increased to 79 ± 7 mm Hg (De Ley, unpublished results). cerebral blood flow after unilateral carotid occlusion is progressive and that restoration of a circulatory reserve takes several days. It is conceivable that such adjustment may be dependent on many parameters and that the development of compensation can be influenced by several factors. Structural and functional integrity of the blood vessel wall undoubtedly contributes largely to the possibilities of adaptation and it is evident that adjustment will be impaired in cerebral vascular disease. 4 The anatomy and importance of the vascular anastomotic systems able to compensate for occlusion of a common carotid artery show important species differences 4 -12~15 which greatly influence the impact on brain function and brain flow reserve of acute carotid artery occlusion. In man considerable individual anatomical and functional variations exist which are partly responsible for the varying clinical picture obtained after acute and chronic carotid occlusion.
4 -l6 -l7 After acute unilateral carotid artery ligation collateral circulation is able to keep hemispheric blood flow close to normal in the monkey, cat and dog 4 -6 -16 whereas in the Mongolian gerbil unilateral hemispheric infarction is produced due to absence of the posterior communicating arteries between the basilar and carotid systems. ' 8 -I9 In the rat anastomotic connections between the vertebral and carotid arteries are present although it has been found that ponto-medullary structures are mainly perfused via the common carotid artery.
14 Increase of flow through the remaining non-occluded carotid artery and development of anastomotic vessels with the vertebral arteries can be accepted to be the compensatory mechanisms underlying the normalization of hemispheric blood flow in chronic unilateral carotid occlusion.
The progressive restoration of the circulatory reserve (CO 2 reactivity) after unilateral carotid occlusion may represent a valuable model for the study of factors influencing the adjustment of collateral circulation in the rat brain. References 
